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ASSOCIATION OF VASCULAR ENDOTHELIAL GROWTH FACTOR GENETIC VARIANT

WITH METABOLIC SYNDROME

BACKGROUND OF THE INVENTION

Metabolic syndrome (MetS) refers to a cluster of metabolic risk factors linked with impaired

angiogenesis and often insulin resistance. In its advanced form, clinical fasting hyperglycemia

or even type 2 diabetes is present. The syndrome has been broadened to encompass

features such as central obesity, glucose abnormalities, dyslipidemia, elevated blood

pressure, and low grade inflammation state with a pro-thrombotic circumstance ('components'

of MetS). The risk of atherosclerotic cardiovascular disease and type 2 diabetes is greatly

increased in patients with MetS. The prevalence of MetS in adults in developed countries,

mainly due to the emerging "obesity epidemic", is as high as 35-40%. Several studies have

revealed that ischemic tissues neovascularization is impaired in type 2 diabetes with obesity,

hypercholesterolemia, or hypertension. Vascular endothelial growth factor (VEGF) is a

multifunctional cytokine and is functional in angiogenesis, lymphangiogenesis, vascular

permeability, and hematopoiesis. Adipocytes produce VEGF, which may act as an angiogenic

and vascular survival factor for the omental vasculature. Elevated circulating levels of VEGF

have been observed in ischemic heart disease, heart failure and stroke and in various other

disorders such as type 2 diabetes and polycystic ovary disease. A positive association of

VEGF circulating levels with MetS as well as with a number of its components has been

shown (Lieb et al. 2009). Four single nucleotide polymorphisms (SNPs), explaining -50% of

VEGF heritability, were recently identified using a genome-wide association study (GWAS)

(Debette et al. 201 1). Furthermore, a significant number of genetic variants have been shown

to be associated with MetS and its components (Kraja et al. 201 1; Kristiansson et al. 2012).

There are numerous criteria used by various international bodies to classify MetS (e.g. Grundy

et al. 2004 and 2005) including abdominal obesity (usually waist circumference, various cut

offs), BMI (various cut-offs), systolic blood pressure (various cut-offs), diastolic blood pressure

(various cut-offs), antihypertensive medication, type 2 diabetes, family history of type 2

diabetes/CVD/hypertension, impaired fasting glucose, impaired glucose tolerance, 2-hour post

glucose challenge, triglyceride levels and HDL cholesterol levels (various cut-offs). This lack

of an internationally agreed criteria has purportedly contributed to the varied prevalence of

MetS that has been reported in various studies (Cai et al. 2012). Thus MetS diagnosis is



based on varied criteria each involving several individual test measurements; a more

simplistic and definitive testing method for MetS diagnosis is, therefore, desirable.

FIGURES

Figure 1 nucleotide sequence of the wild-type mutant rs1 0738760
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SUMMARY OF THE INVENTION

The pathological outcomes of metabolic syndrome are type 2 diabetes and cardiovascular

disease. Currently, its diagnosis is dependent upon non-standardized criteria and requires

physical examination and several biochemical assays. Following the identification of four

SNPs which explained the heritibality of serum VEGF levels (rs6993770, rs6921438,

rs4416670 and rs1 0738760 - Debette et al. 201 1) , the association of MetS and its

components with genetic variants, and the possibility of a relationship between VEGF and

MetS, it was decided to test whether one or more of the four previously discovered SNPs was

associated with MetS and its components. The invention describes the identification of a

single nucleotide polymorphism, rs1 0738760, whose absence is predictive of increased risk of

metabolic syndrome. The identification of this genetic component to metabolic syndrome aids

the implementation of standardized criteria for recognizing the condition and enables a simple,

cost-effective method and kit to help predict the presence or absence of MetS.

DETAILED DESCRIPTION OF THE INVENTION

The present disclosure describes a method of aiding the diagnosis of metabolic syndrome in a

patient comprising detecting the presence or absence of the single nucleotide polymorphism

rs1 0738760 in an in vitro sample taken from the patient. rs1 0738760, first identified in a

GWAS VEGF heritability study, is located on chromosome 9p24.2 and is identified herein as

base 201 of SEQ. ID No. 1. The mutant nucleotide at this position is adenine (A) and its

occurrence in an in vitro patient sample is not associated with an increased or decreased

likelihood that the patient has MetS; the presence of guanine (G), the wild type nucleotide, in

an in vitro patient sample, is associated with an increased likelihood that the patient has MetS.

The sample is preferably a nucleic acid sample, the original patient sample, as is standard in

the art, having undergone any necessary preparatory steps prior to analysis.



Also described are kits for detecting mutant and/or wild type rs1 0738760 which include either

a single probe to wild type or mutant rs1 0738760 or two probes, one probe specific to mutant

rs1 0738760 and one probe specific to wild type rs1 0738760. The kits are preferably used to

help diagnose metabolic syndrome.

As used herein, rs10738760 refers to the mutant rs10738760 (nucleotide at base 201 SEQ. ID

No. 1= adenine), unless otherwise qualified; for example, reference to wild type rs1 0738760

implies the nucleotide guanine (G) is present at base 201 of SEQ. ID No. 1. As used herein,

an 'allelic variation' refers to a variation in the nucleic acid and typically primary amino acid

sequence of a gene in one or more alleles in a subject, such as a human patient. Allelic

variations include single or multiple nucleic acid and amino acid substitutions, additons or

deletions that have any one of a number of effects on protein expression, including: promoter

activity that regulates transcription, frame-shrift, early protein termination, protein mis-folding,

altered protein processing, destruction (or enhancement) of active sites or binding sites of a

protein, mis-splicing of a mRNA or any other property of a nucleic acid or protein that effects

the expression and/or function of the final gene products.

The source of the sequence referenced herein is the dbSNP database of the NCBI

(http://www.ncbi.nim.nih.gov/snp). Detailed methods used to detect the rs1 0738760 SNP are

described in Debette et al. (201 1) and the Supplementary Material (Data Supplement at

http://circres.ahajournals.org/content/ 109/5/554/suppl/DC1). A brief overview of these

methods follows; reference to example(s) are not to be construed as being limited to only the

described example(s).

A large number of methods, including high throughput methods, are available for detection of

SNPs and /or other allelic variations, for example the PCR and restriction fragment length

polymorphisms methods. DNA from a sample is sequenced (re-sequenced) by any method to

identify a SNP or small allelic variation. A large variety of re-sequencing methods are known in

the art, including high-throughput methods. Amplification-based methods are also available to

identify allelic variations, such as SNPs, including: PCR, reverse transcriptase PCR (RT-

PCR), isothermic amplification, nucleic acid sequence based amplification (NASBA), 5'

fluorescence nuclease assay (for example TAQMAN assay), molecular beacon assay and

rolling circle amplification. Other methods such as Restriction Fragment Length

Polymorphisms RFLP, also may be employed - as is appropriate to identify variant allele(s).

Assays may be multiplexed, meaning two or more reactions are conducted simultaneously in

the same physical location such as in the same tube or on the same substrate such as a



biochip, ensuring the reaction products of the multiplexed reactions can be distinguished. For

example, TAQMAN or molecular beacon assays can be multiplexed by use of and by

monitoring of accumulation or depletion of two different flurochromes corresponding to two

different sequence-specific probes. In most cases, the appropriate method depends upon

personal experience, available equipment and reagents, the need for high throughput and/or

multiplexed methods, cost, required accuracy, and the skill levels of the technicians

responsible for assay implementation. Design and implementation of these techniques are

broadly-known and readily applicable by the skilled person in the art. In the implementation of

the methods described herein, an array may be utilized. Arrays are particularly useful for high-

throughput assays. The array typically comprises one or more reagents, for example, nucleic

acid primers and/or probes, for identifying in a nucleic acid sample from a subject the

occurrence of an allelic variation corresponding to one or more SNPs. As used herein, the

term 'array' refers to reagents facilitating identification of allelic variations ina gene located at

two or more identifiable locations. In one embodiment, an array is an apparatus at two or more

discrete, identifiable reaction chambers, such as a 96 well dish, in which reactions comprising

identified constituents are performed. In an exemplary embodiment, two or more nucleic acid

primers or probes are immobilized onto a substrate in a spatially addressablemanner so that

each individual primer or probe is located at a different and (addressable) identifiable location

on the substrate. Substrates include multi-well plates, ceramic chips and beads. In one

embodiment, the array comprises two or more sets of beads, with each bead having an

identifiable marker, such as a quantum dot or fluorescent tag, so that the beads are

individually identifiable using, for example, a flow cytometer. In one embodiment, in the

context of the present disclosre, an array may be a multi-well plate containing two or more

well reaction chambers with primers for amplifying DNA to identify SNPs or probes for binding

specific sequences. As such, reagents, such as probes and primers may be bound or

otherwise deposited onto or into specific locations on an array. Reagents may be in any

suitable form, including: in solution, dried, lyophilized or glassified. Useful array technologies

include, for example, Affymetrix GeneChip® Array, GenChip® CustomSeq® Resequencing

Arrays (commercially available from Affymetrix Inc. of Santa Clara, California). Informatics

and/or statistical software or other computer-implemented processes for analyzing array data

and/or identifying genetic risk factors from data obtained from a patient sample, are known in

the art.



Materials and Methods

Study population

This study is based on the STANISLAS Family study (SFS), a 10-year longitudinal survey

involving 1,006 volunteer families from Vandoeuvre-les-Nancy, France (Herbeth et al. 2010).

Individuals with known acute or chronic diseases such as stroke, myocardial infarctions,

hypertension, dyslipidemia or cancer were not included, as the aim of the study was the

assessment of genetic susceptibility factors on the variability of intermediate phenotypes in

physiological conditions without the influence of any long term medication and disease. The

study protocol was approved by the Local Ethics Committee of Nancy and all subjects gave

written informed consent for their participation in the study. A total of 403 unrelated adults

were involved in the current study. All data were collected during the second examination of

the SFS.

Anthropometric indices, medical history and lifestyle data

Weight and height were measured in standing position with light clothing without shoes.

Weight was recorded with digital scales to the nearest 200 grams using a weight scale. Height

was measured to the nearest 0.1 cm using wall-mounted stadiometer, with the subjects'

shoulders in a normal position. Body mass index (BMI) was calculated according to the

Quetelet's formula: weight (kg)/height (m2) . Waist circumference was taken at the midpoint

between the lower margin of the last palpable rib and the top of the iliac crest (hip bone), and

hip circumference was measured at the maximum level over light clothing, using a standard

tape measure, without any pressure on the body surface. Measurements were recorded to the

nearest 0.1 cm. All measurements were taken by trained nurses according to standard

procedures, and the reliability of the measuring devices was periodically checked during the

study period. SBP and DBP were calculated as the mean of three measurements taken under

standardized conditions with a sphygmomanometer, with the subject in a supine position

(Azimi-Nezhad et al. 2012). Pulse pressure was calculated as the difference between SBP

and DBP. Also, data were collected using standard questionnaire including information about

lifestyle such as smoking and personal medical history. Hypertension was defined as SBP

>140mmHg and/or DBP >90mmHg. Central obesity was defined as a WC >102 cm in men

and >9 cm in women, while general obesity was defined as BMI ≥30Kg/m 2 (Azimi-Nezhad et

al. 2012). MetS was defined based on the International Diabetes Federation (IDF) criteria

(Nezhad et al. 2008): WC ≥94 cm in men or ≥80 cm in women plus any two of the four



following criteria i) triglyceride > 1 .7 mmol/l or drug treatment for elevated triglyceride, ii) high-

density lipoprotein cholesterol (HDL-C) < 1.03 mmol/l in men or < 1 .3 in women or having

medication for reduced HDL-C, iii) SBP ≥ 130 mmHg or DBP ≥ 85 mmHg or anti-hypertensive

medication, iv) fasting blood glucose ≥ 5.6 mmol/l or drug treatment for increased serum

glucose.

Laboratory measurements

Blood samples were collected after overnight fast between 8:00 and 9:00 am. or 11:00 and

12:00 a.m. Serum and plasma samples were separated by centrifugation at 2000xg for 15

min. Serum fasting blood glucose, total cholesterol and triglycerides levels were measured

using standard enzymatic methods (Merck, Germany) on an automated analyzer AU5021

(Olympus, Japan). Insulin, apolipoprotein A-l, apolipoprotein B, apolipoprotein 111 were

determined by immunonephelometry on Behring Nephelometer analyzed with Behring

reagents (France). Apolipoprotein E and HDL-C were measured by turbidimetry and

precipitation by phosphotungstate respectively, on a Cobas-Mira analyzer (Roche). VEGF

plasma levels quantification was performed by Randox Ltd (Crumlin, UK) using a biochip array

analyser (Evidence ®) (Herbeth et al. 2010).

Genotypinq

The SNPs rs6921438, rs4416670, rs6993770, rs1 0738760 were genotyped by Genoscreen

(http://genoscreen.fr), using a Sequenom iPLEX Gold assay-Medium Throughput Genotyping

Technology (Ehrich et al. 2005).

Statistical analysis

Continuous variables are presented as mean value ± standard deviation and categorical

variables are given in percentages. Hardy-Weinberg equilibrium was tested using the chi-

square test. All continuous variables were log-transformed to normalize their distribution. For

the SNPs associations analyses an additive model was used. Results are presented using the

minor allele as reference allele. Logistic regression models adjusted for age, gender and BMI

were used to test possible associations between VEGF-related SNPs and VEGF plasma

levels with MetS. Subsequent analyses adjusted for age, gender and smoking were

performed. Similar models adjusted for age and gender were used for general obesity and

central obesity and models adjusted for age, gender and BMI were applied for the

associations with hypertension. Concerning the quantitative traits including waist

circumference, waist-to-hip ratio, waist-to-height ratio, BMI, SBP, DBP, fasting blood glucose,



insulin and lipids linear regression models adjusted for age, gender and BMI were applied for

the assessment of possible effects of the VEGF-related SNPs (the model for the assessment

of association with BMI was adjusted for age and gender only). All analyses were performed

using PLINK 1.07 software (http://pngu.mgh.harvard.edu/purcell/plink) (Purcell et al. 2007)

and the SPSS statistical software version 16.0 (SPSS, Inc, Chicago, Illinois). Significance was

assessed at a two-tailed P=0.05 level. The significant results of this study were compared to

previous findings in the literature (previous GWAS), by imputation analyses using Plink. SNPs

with a correlation coefficient ≥ 80% were considered in linkage disequilibrium (LD). The

GWAS investigator of HuGENavigator engine (Yu et al. 2008) and the NHGRI Catalog of

published GWAS (http://www.genome.gov/gwasstudies) (Hindorff et al. 2009) were used in

order to assess previous GWAS concerning blood lipid levels.

Results

The general characteristics of the studied population and polymorphisms are presented in

Tables 1 and 2 respectively. No statistically significant associations were observed between

VEGF plasma levels and MetS as well as with its related components in this population.

Regarding the effect of the assessed SNPs, rs1 0738760 was significantly associated with

MetS (Table 3). The presence of the minor allele A was associated with decreased risk for

MetS. The result remained significant after adjustment for smoking. We also observed a trend

for association between rs1 0738760 and triglycerides levels (beta=-0.028, P-value=0.056).

There was no association of this SNP with other lipid profile molecules.

The three previous GWAS (Kraja et al. 201 1; Kristiansson et al. 2012; Zabaneh et al. 2010)

conducted in relation to MetS and its components did not address the rs1 0738760 SNP

(genotyped or in linkage disequilibrium with another SNP). Therefore, this is considered as a

novel polymorphism for MetS.



Table 1: Characteristics of STANISLAS Family Study population



Table 2 : Genetic variants' characteristics of STAN ISLAS cohort study population

Table 3: Associations of the 4 VEGF single nucleotide polymorphisms with metabolic

syndrome in adults from the STAN ISLAS population (n=403) (model adjusted for age, gender

and BMI )

OR: Odds ratio; CI: Confidence Interval



CLAIMS

1. A method of aiding the diagnosis of metabolic syndrome in a patient comprising detecting

the presence or absence of wild type or mutant rs1 0738760 in an in vitro sample taken from

the patient.

2 . The method of Claim 1 in which the sample is a nucleic acid sample.

3 . The method according to Claim 1 or Claim 2 in which the presence of wild type rs1 0738760

or the absence of mutant rs1 0738760 indicates that the patient has a higher likelihood of

being diagnosed with metabolic syndrome.

4 . A kit for detecting rs1 0738760 which includes either one or two probes; the single probe kit

includes a probe which specifically binds to either mutant rs1 0738760 or wild type

rs1 0738760, the two probe kit includes a probe which specifically binds to wild type

rs1 0738760 and a probe which specifically binds to mutant rs1 0738760.

5 . A kit according to Claim 4 for use in diagnosing metabolic syndrome.
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